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ABSTRACT
The large number of b

b events at LHC will oer the possibility to study CP violation in the
B system. The two general purpose detectors ATLAS and CMS, primarily designed to study
high p
t
-phenomena, are capable of doing B-physics and the possibility of measuring CP has
been investigated by both collaborations. We discuss the potential of the two detectors for
the measurement the angles alpha and beta of the unitarity triangle during the initial low
luminosity phase of the LHC.
1 Introduction
The coupling between up- and down-type quarks is de-
scribed by the Cabibbo-Kobayashi-Maskawa (CKM) ma-
trix [1]. The precise determination of elements of this
matrix is one of the primary goals of heavy-avour physics.
































have a complex phase in this parametri-
sation and are therefore the relevant terms which could
produce CP violation. The unitarity of the CKM ma-









which can be represented as a triangle in the   com-
plex plane, with the three angles ; ; , see gure 1. In
principle all three angles of this unitarity triangle are
accessible to direct experimental measurements. Here
we will concentrate on the measurements of the angles
 and .
There are a variety of ways in which CP can be






























depends on the angle of the unitarity triangle. For ex-















Both time-integrated and time-dependent mea-
surements of this asymmetry can be performed. The
time-dependent measurement is done using the posi-













Figure 1: Unitarity triangle of the CKM matrix with
current constraint.
2 B Physics at the LHC








. B-physics studies will be easiest at
this initial luminosity, where pile-up eects are small
and vertex detectors very close to the beam pipe are
expected to survive for several years.
For this study, we assume a center-of-mass en-
ergy of
p





, corresponding to 10
7







. In this regime, we expect from 1.5 to
2 underlying events per bunch-crossing.
There is a large uncertainty in the estimation
of the production cross-section of b

b at LHC. For this




= 500 b. The fraction of b

b events






 0:5%. With such a cross-
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The experimental diculties are the high rates
and the large associated multiplicities. What is needed
is a powerful trigger system to select the interesting
modes, detectors with high granularity, high-resolution
vertex detectors, ecient track reconstruction and good
momentum resolution.
3 Detectors
The two general purpose detectors CMS and ATLAS
are extensively described in [3] and [4]. Both detectors







) to study B physics.
The basis of the CMS detector is a long (13 m) su-
perconducting solenoid with a 6 m bore and a uniform
4 T eld, containing the inner tracker and all calorime-
try. The most distinguishing feature of the ATLAS de-
tectors is its large air-core toroid muon spectrometer.
Inside the air-core muon spectrometer is the calorimeter
system. The inner tracking detector is located in 2 T
solenoidal magnetic eld provided by a superconducting
coil that sites in front of the electromagnetic calorime-
ter. ATLAS and CMS overall lengths are 44 m and 21 m
approximately, and their diameters are 22 m and 14 m





for tracks with p
t
= 100 GeV is 2%
for ATLAS and 1% for CMS.
The two detectors have foreseen high-resolution
vertex detectors for B-physics. The main weakness of
the two detectors for B physics compared to dedicated
B physics experiments is that they have no hadron iden-
tication.
ATLAS and CMS are using the centrally pro-
duced b's while LHC-B [5], a dedicated B-experiment
at the LHC is using forward b's.
4 Measuring sin2
To determine the angle  of the unitarity triangle the



















is a CP eigenstate, and has the cleanest signature and
the most tractable background. Further advantages are
the relatively high branching ratio and the fact that




is relatively easy. Recent
CDF results are most encouraging in this respect [6].
The experimentally measurable time-integrated asym-













































factor due to time-integration (x
d
has been measured













charge of lepton (e; ) from the semileptonic decay of
the associated b.
4.1 Trigger and Event Selection
In principle there are 3 possibilities:












The ATLAS collaboration has investigated all three pos-
sibilities, while in CMS the electron modes are under





tag is included here.
CMS:
The trigger is provided by two low-p
t
muons with rapidity-
dependent trigger thresholds: p

t
> 4:5 GeV for 0:0 <
jj  1:5, p

t




> 2:6 GeV for 2:0 < jj  2:5 The third muon is
required to reach at least the rst muon station. The
following further cuts are applied to all events:












decay length in the transverse plane between
2 and 40 cm, to avoid problems due to pattern
recognition







must lie within 2 of their known masses
 tag muon with p
t
> 4 GeV
The reconstructed masses have the following resolu-
tions: 16 MeV for J= , 8.6 MeV forK
0
s




with (without) mass constraints [8]. To obtain
the expected number of events in addition to the trig-
ger eciency and the geometrical acceptance, a track
reconstruction eciency of 95% for triggered muons and










 0:7 GeV folded with their momentum distribution
is on average 35% [8].
ATLAS:
ATLAS is triggering at the rst-level on a single muon
with jj < 2:2 and p
t
> 6 GeV. In addition, the second-












> 5 GeV and j

j < 2:5 or (iii) an electron
with p
t
> 6 GeV and jj < 2:5. The total trigger rate
for this three triggers is about 1 kHz. The electrons are




both electron tags and muon tags are used. The follow-
ing cuts are applied to all events at analysis level:












decay length in the transverse plane between 1
and 50 cm
Page 2
 tag lepton p
t




 the J= K
0
s
system is required to have a mass within
a 2 of the known B
0
d
mass and a proper decay
time must exceed 0:5 ps






































structed in the ATLAS Inner detector.




decays, a tag muon
with p
t
> 6 GeV and jj < 2:2, and two electrons with
p
t




decays, a tag muon with p
t









) > 3 GeV were re-
quired; in addition, one of the three muons was required
to satisfy the trigger, having p
t
> 6 GeV, jj < 2:2. For




events, a tag electron
with p
t




) > 6 GeV,
j(
1








mass resolution is in the range of 3-8 MeV
for transverse decay lengths of 1-50 cm. The average re-




peak is 6% [9]. The reconstructed J= mass




is 18 (35) MeV with (without) mass
constraints [10]. To calculate the expected number of
events a reconstruction eciency of 80% for leptons and
95% for pions is taken into account.
4.2 Tagging and Dilution
The avour of the produced B
0
d
is tagged by the charge
of the lepton produced in the semileptonic decay of the
other b-quark in the event. However this tagging is not
fully ecient and the measured decay asymmetry is af-
fected by dilution eects. The dominant contribution







ing to leptons and from cascade decays. The dilution


































= 0:38 : 0:38 : 0:14 : 0:1,
x
d
= 0:71 and x
s






can be dened as: D
tag
=
1  2w, where w is the fraction of wrong tags. Sources
of mistags are:
 cascade decays (b! c! `)
 muons from additional b's and c's
 hadron decays (K, decays) (for muons)
 punch-through (for muons)
 conversions and Dalitz pairs (for electrons)
Fig. 3 shows the fraction of wrong sign muons plotted as
a function of the p

t
cut for various sources of mistags.
The major contribution to w is cascade decays. The
contribution from punch-through, hadron decays and




















from additional b, c
Figure 3: Fraction of wrong tags as a function of the
p
t
-threshold of the tagging muon.
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events depends on the requirements placed on the asso-
ciated lepton, the purity increases with increasing p
t
.














are the number of signal and background
events.
The dilution factor in equation 4 can be written







The background for this channel is dominated by acci-












peak below the signal mass peak.
The signal to background ratio is about 1 : 10. Fig. 4
shows the reconstructed mass distributions (signal and
background) for CMS and ATLAS.
4.4 Expected Sensitivity
The statistical error on sin 2 for the time-integrated

















analyses are summarized in Table 1. It has to
be stressed out that the electron tag in CMS is under
investigation and is not included yet. The theoretical






































(sin 2) time-dep. 0.045 0.018
(sin 2) time-int. 0.048 0.020






The most promising channel for the measurement of the








trigger of such events is provided by the semileptonic
decay of the associated b-hadron in the event which is




















 sin 2 (7)
0









2000 pµtag  > 5 GeV/cT




pi piµ µ GeV– +M + –




| < 2.4ηpi,µ 
104 pb–1
CMS
σ  : 16 MeV 
σ  : 22 MeV 






σ = 12 MeV





















are the number of reconstructed
events with positively and negatively charged tagging
muons and D is the dilution factor discussed in sec-
tion 4.2.
The study of this decay channel is experimentally







the clean signature of the leptonic J= decay.
The rst level trigger for this analysis is an in-
clusive muon trigger with p
t
> 9 GeV and jj < 2:4 in
the case of CMS and p
t
> 6 GeV and jj < 1:6 in the
case of ATLAS. In addition the ATLAS second level
trigger requires an unlike-charge pair of particles with
p
t
> 6 GeV and with the sum p
t
of the two particles
larger than 15 GeV.







was assumed to be 2 10
 5
.
5.1 Background and Event Selection
Without particle identication the largest background
is from two-body B-meson decays when the charged
hadrons are assigned pion mass. One has to rely on
mass resolution to suppress this background. In par-
ticular, the decay B
0
d
! K peaks just below the B
0
d
mass, while the decay B
0
s




! KK is peaked on top of the signal; how-




this background. An asymmetric contribution comes
from the decay 
b












! K and 
b
! K
contribute less than 1%. Fig. 5 shows the contribution
from the two-body decay backgrounds. In CMS the re-
constructed mass has a resolution 
B
= 25 MeV and in
total the two body decays contribute to a background
to signal ratio, B=(S + B), of  45% in a mass win-






The combinatorial background adds an almost
at background contribution, which is around 10% of
the total.
All other sources of background are highly sup-
pressed using the following selection criteria: [8, 9]
CMS:
 two opposite-sign hadrons with p
h
t
> 5 GeV within
jj < 2
 distance between the two pions R < 1








direction, normalized to the p
t
of the B can-
didate (only charged tracks with p
t
> 2 GeV are
considered and the two pions are not included in
the sum)
 impact parameter signicance d=
d
> 2 for each
pion, where 
b
is the impact parameter resolution
  < 100 mrad where  is the angle in the transverse
plane between the direction dened by the primary
and decay vertex and the reconstructed  sum-
momentum
ATLAS:
 two hadrons with p
t




 scaled impact parameters of the two pions d=
d
> 3
 angle between the reconstructed B-meson and the
line joining the primary and secondary vertices in
the transverse plane < 6

 transverse decay length > 300 m
 distance of closest approach of the two particles
< 55 m
Fig. 6 shows the invariant mass distributions for the sig-
nal and background after all cuts for CMS and ATLAS.
B˚      pi+pi–d
200
0





















sB˚       Kpi
sB˚       K
+K–
B˚       Kpid
Sum
Λb      ppi
σ(Mpipi) = 27 MeV
CMS




mass resolution and 2-body decay
backgrounds.
5.2 Expected Sensitivity








analyses are summarized in Table 2. It
can be seen, that performing a time-dependent mea-
surement will improve the sensitivity. Theorectical un-
certainties in this measurement are larger than in the
case of sin 2 because of contributions from possible
penguin diagram decays.
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  pi+pi– 
0










pµ  > 9 G eV/c
| ηpi,µ | <  2.4
d 
T
ppi  >  5 G eV/c
 T













σ = 27 MeV
ATLAS





















! ] 4300 7120
N [B
d
! K] 1525 2890
N [B
s
! KK] 1250 1070
N [B
s
! K] 510 1495











(sin 2) time-dep. 0.070 0.043
(sin 2) time-int. 0.050 0.047






Both collaborations, ATLAS and CMS, studied the pos-
sibility of measuring CP violation. Even without par-







thanks to their good mass resolution and are are able
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